ABSTRACT. The survival of social wasp species depends on the success in founding new nests. These species can use plant species with different specific characteristics for nesting, with nest architecture varying according to the habits of those plant species. The nesting of social wasps in natural environments was studied in the period from October 2005 to September 2007 in the rio das Mortes riparian forest, municipal district of Barroso, Minas Gerais State, Brazil, with the objective of evaluating the different types of plant substrate used by social wasps for nesting, and to investigate whether there is a relationship between nest construction type and the habits of plant species. A total of 171 colonies of social wasps belonging to 29 species were recorded, which used 78 plant species as nesting substrate (76 Angiosperms and two Pteridophytes) of arbustive, herbaceous, arboreal, epiphyte and liana habits. Species with phragmocyttarus and gymnodomous nests were observed nesting, with higher incidence, in arboreal plants and their deciduousness did not affect the nesting. The preservation of natural areas is suggested in order to guarantee a higher availability of nesting places for the social wasp species, ensuring their higher efficiency in the environmental services and biological control of agricultural pests.
Introduction
The survival of social wasp species depends on their success in founding new colonies (DEJEAN et al., 1998; HUNT, 2007; JEANNE, 1975) . The selection of nesting places, along with nest architecture, was developed under the influence of at least two types of selection pressure: climatic conditions and predation by ants and vertebrates (JEANNE, 1970 (JEANNE, , 1975 CORBARA et al., 2009) . To avoid those situations, the choice of nesting place in specific plant species depends on certain morphological or physiological characteristics (JEANNE, 1991; CORBARA et al., 2009) , which provide the nest substrate (CORBARA et al., 2009) , glucose resources (PEREIRA; SANTOS et al., , 2010 SOUZA et al., 2010) hunting area and material for nest construction (ANDENA et al., 2009 ). The social wasps species build different types of nests, which vary in their architecture based on the types of substrate used (HUNT; CARPENTER, 2004; JEANNE, 1975; SMITH et al., 2001 WENZEL, 1991 , 1998 . These nests can be classified as: stelocyttarus, gymnodomous, astelocyttarus and phragmocyttarus (RICHARDS; RICHARDS, 1951; ALVARENGA et al., 2010) .
The first is formed by one or more combs attached to the substrate by a peduncle, with or without a protective envelope: gymnodomous nests do not possess an envelope (a plesiomorphic condition found of Mischocyttarus spp. Saussure, 1853, Polistes spp. Latreille, 1802, Agelaia spp. Lepeletier, 1836 and Apoica spp. Lepeletier 1836), and the calyptodome possess this envelope (Pseudopolybia spp. Saussure, 1863 and Parachartergus spp. R. von Ihering 1904) (ANDENA et al., 2009; ZANUNCIO, 2012; WENZEL, 1991 WENZEL, , 1998 .
Astelocyttarus nests possess a single comb, with a protective envelope and the cells attached directly to the substrate (Synoeca spp. Saussure, 1852 and Metapolybia spp. Ducke, 1905) (ANDENA et al., 2009) . In phragmocyttarus nests, the initial comb is largely attached to the protective envelope and subsequent combs are built in contact with the sides of the previous comb (Polybia spp. Lepeletier, 1836 and Brachygastra spp. Perty, 1833) (ANDENA et al., 2009; WENZEL, 1991 WENZEL, , 1998 .
Riparian Forests are formations in the margins of rivers, ponds, streams and springs, comprised of the most varied plant formations (RODRIGUES; LEITÃO-FILHO, 2004) . Those environments are of great importance as habitats and food sources for aquatic and terrestrial fauna, as they act as ecological corridors, thus being fundamental for biodiversity maintenance (CARVALHO et al., 2005; RODRIGUES; LEITÃO-FILHO, 2004 ). However, due to fragmentation and the introduction of monocultures, that environment is highly threatened, with various species of flora and fauna in danger of extinction (RODRIGUES; LEITÃO-FILHO, 2004; SOUZA et al., 2010) . The riparian forests of the rio das Mortes located in the municipality of Barroso, south central Minas Gerais State, have suffered from numerous impacts starting in the 19 th century with logging for lime production. This resulted in fragmentation of the native vegetation and led to several environmental problems, as also evidenced in many regions of Minas Gerais (PIRES et al., 2013; .
In this regard, understanding the communities that exist in that environment is of utmost importance, because the knowledge acquired of the species and their nesting places guarantee the maintenance of their environmental services. As such, the objective of the present study was to evaluate the types of plant substrate used by social wasps for nesting, and to investigate whether there is a relationship between nest construction type and the habits of plant species in riparian forests of the rio das Mortes in the municipality of Barroso.
Material and methods

Study Area
The present study was conducted in areas of riparian forest along the rio das Mortes in the municipality of Barroso, Minas Gerais (21°11'13"S, 43°58'33"W). That area is located in an vegetation types of seasonal semidecidual forest, riparian vegetation and Brazilian savanna, which are undergoing constant anthropic interventions related to the economic cycles of mining, agriculture, livestock, industrialization and, in the past, wood extraction to feed lime kilns (MENINI-NETO et al., 2004 , PIRES et al., 2013 . The climate of the area is classified as Cwb: mesothermic with well-defined seasons (OLIVEIRA-FILHO; MACHADO, 1993) . The average annual temperature varies between 18 and 20ºC, and annual average rainfall between 1,400 and 1,550 mm.
Data collection
A 30 m wide by 20 km long strip of vegetation was delimited starting from the margin of the river. A total of 48 collections were conducted from October 2005 to September 2007, using the active search method (ELPINO-CAMPOS et al., 2007; . Samples of the plant substrate types used for nesting by the social wasp species were also collected. Samples of the botanical materials were deposited in the herbarium of the Federal University of Lavras (UFLA).
The social wasp specimens were sent to the Entomology Department of the Federal University of Lavras, where they were identified using taxonomic keys or by comparing them to the collection present in that department. The unidentified specimens or with questionable identification were sent to Dr. Orlando Tobias da Silveira at Museu Emílio Goeldi, Pará State.
Statistical analysis
The characteristics of the plant species used in social wasp nesting, such as habit (arboreal, arbustive, herbaceous, epiphyte, liana or parasitic), deciduousness (evergreen, semi-deciduous and deciduous), stem texture and consistency of the abaxial surface of the leaf were used to evaluate a possible relationship with the choice of nesting sites and nest architecture. The number of social wasp species, nest construction type and characteristics of the plant species were grouped and related with plant habit and deciduousness. The association between groups of wasps and the plant substratum was represented in biplot-type graphs (MELLO, 2009) .
The interaction network graph was built using Pajek software, the thickness of the lines in the graphs expressing the number of interactions among the analyzed elements (MELLO, 2009 ). The graph, in itself, is a representation of the relationships among data elements and can be described in a Euclidean space of n dimensions as a group V of vertexes and a group A of continuous curves (edges) (MELLO, 2009) . Whenever a possible relationship was evidenced among the data, we used Chi-squared tests to verify if the absolute nesting frequency differed from the expected absolute frequency distribution, thus making it possible to test the hypotheses about the factors that interfere in the choice for specific plant substrate by a social wasp species.
Results and discussion
A total of 171 colonies of social wasps belonging to 29 species were recorded, which used 78 plant species (76 Angiosperms and two Pteridophytes) of arboreal, arbustive, herbaceous, epiphyte or liana habits as nesting substrate (Tables 1, 2 and 3). (Haliday, 1836) and Polybia minarum Ducke, 1906 were collected in the study area, but without recording their colonies. This can be related to the fact that social wasp species have the habit of nesting in one place and foraging in another (DINIZ; KITAYAMA, 1994; PEREIRA; , or even the difficulty in locating the nests (SOUZA et al., 2010) .
Schinus terebinthifolius Raddi (Anacardiaceae) was the most used species for social wasp nesting, with 13 recorded colonies, belonging to 10 species. The area of the present study is under regeneration conditions, and the species S. terebinthifolius is abundant in regeneration areas (MORATO, 2001) providing nesting support and potential food resources for the social wasp species (BARBOLA et al., 2000; CESÁRIO; GAGLIANONE, 2008; MORATO, 2001; SOUZA et al., 2010) .
The wasp species Protopolybia sedula (Saussure, 1854) nested in 20 angiosperm species (Table 1) . This wide ecological plasticity demonstrates that those social wasps can be generalists with regard to nest substrate, which is characteristic of euryoecic species (DEJEAN et al., 1998; CRUZ et al., 2006) . (Fabricius, 1775) were found in arboreal species, mainly in Anadenanthera sp. Speg., a deciduous plant known as angico (Fabaceae). This occurrence can be related to climatic factors, because nesting in that plant could facilitate thermal regulation of the colony during winter, through greater exposure to sun rays (HOZUMI et al., 2010) . That would also explain the recording of those Vespidae only in perennial trees in the Recôncavo Baiano region, where the hotter climate makes higher shading of the colony necessary during the year, which would be obtained by nesting in plants with that characteristic (MARQUES; .
Nests of wasp Synoeca cyanea
Variations in social wasp nesting occurrence are seemingly not related to the deciduousness of the plant and its architectural patterns, with the exception of Synoeca cyanea (Fabricius, 1775) , which possesses astelocyttarus type nests. That species probably needs arboreal, perennial extract for its nesting, which suggests a stenoecic species (CRUZ et al., 2006) . The nesting of that species in arboreal extract was also verified in other works (ALVARENGA et al., 2010; ELISEI et al., 2005; SANTOS et al., 2009 arboreal plants for nesting (χ 2 = 4.09, P = 0.014 and χ 2 = 3.42, P = 0.019). That nesting pattern in arboreal plant species can be due to greater protection against bad weather, camouflage and mechanical support for the nests, results that corroborate those of Santos et al. (2009) who observed differences in the nesting of social wasp species in arboreal and shrub-sized plants in the Caatinga -Brazilian steppe, where drought is long-lasting and arboreal plants with longer life cycles seem to provide better nesting conditions for social wasps compared to shrubs, which have a shorter lifespan due the semi-arid climate.
When comparing the number of wasp nests according to construction type, it was verified that the arboreal species were more used by the wasp species regardless of nest construction type (Figure 1 and 2) . The choice for that substrate type can be linked to the fact that those plant species feature specific conditions (physical and/or biological) for the wasp species (DEJEAN et al., 1998; CRUZ et al., 2006; SANTOS et al., 2009) .
The study shows that vegetation structure is more relevant in social wasp nesting than any given plant species, suggesting that recovery models for heterogeneous riparian forest using large numbers of plant species are favorable to social wasps, when compared to models that use few species (MARTINS, 2001; RODRIGUES; LEITÃO-FILHO, 2004) .
The results evidenced the importance of Riparian Forest preservation for the maintenance of social wasp diversity. The effects of fragmentation and disordered land use can lead to the loss of the species. The preservation of natural areas guarantees a higher availability of nesting places for the social wasp species, ensuring the maintenance of their environmental services, greater agricultural pest biological control efficiency, in addition to that of other insect predators and parasitoids (LANDIS et al., 2000; .
Conclusion
The nesting of social wasps in plant substrate does not seem to be influenced by any particular plant species, but the complexity of the plant structure and environment were more relevant. In this sense, the use of models in heterogeneous recovery of riparian forest areas, which are based on planting a large number of species of different ecological groups, should positively influence the richness of social wasps.
